The angiographic aspect of aortocoronary vein grafts was reviewed three years after operation in 43 patients. These patients had been previously subjected to two selective angiographic studies: two weeks and one year after operation. The review of these angiographic studies suggests that the attrition rate of aortocoronary vein grafts levels off after the first year. Only three occlusions (5.4%) were found on the three-year study in the 55 grafts which were patent on the studv conducted at one year. Two of the three occlusions occurred in grafts which had already displayed severe segmental reduction in size after one year. Moreover, the slight to moderate reduction in caliber noted in more than 70% of vein grafts between two weeks and one year after operation did not progress between one and three years. Thus, it appears that fibrous hyperplasia. which is believed responsible for these changes, is a time-limited process, and is not expected to progress after the first year.
Saphenous vein bypass grafts medial hyperplasia. -12 Histological studies in man, 11, 12 as well as in animals, 13' 14 have shown that after one month all aortocoronary vein grafts display some degree of fibrous proliferation in the intimal and medial layers. On angiograms, this process is characterized by diffuse or localized narrowing which may ultimately lead to occlusion of vein grafts. These changes can best be demonstrated by serial angiographic evaluations." 4, 15, 16 From previously reported studies,6 16 there appears to be a relatively high attrition rate at one year in grafts which were known, through an early angiographic study, to have been patent. Were this attrition rate to continue after one year, it would cast doubt on the value of aortocoronary vein grafting in the treatment of acquired coronary artery disease.
Our purpose is to report on the angiographic aspect of vein grafts-three years after operationin a consecutive series of patients who had had two previous angiographic studies, two weeks and one year after operation. The study shows that changes in vein grafts, in essence, do not progress after the first year.
Material and Methods
The present series is composed of the first 78 patients who underwent aortocoronary vein grafts at the Montreal Heart Institute between September, 1969, and April, 1970. All patients were to be submitted to three separate angiographic studies, two weeks, one year, and three years after operation (table 1) .
Results

Patency Rate of Vein Grafts
First angiographic study. Five of the 78 patients did not undergo the first angiographic study two weeks after operation: two patients refused the study; three had died. The 73 patients studied had a total of 100 grafts. Twelve of the 100 grafts were occluded (12%). Five of these 12 occlusions occurred in patients with single grafts; no further studies were made in these five patients.
Second angiographic study. Of the 68 patients available for a second study, one died before one year, and seven refused to undergo a second selective angiogram. The remaining 60 patients studied at one year had a total of 78 patent grafts on the initial angiographic evaluation. Eighteen of these 78 grafts were occluded on the second study (23.1%). The combined attrition rate of vein grafts after one year was thus 35.1%.* Fourteen of the 18 occlusions occurred in patients *In a more recent series of 100 consecutive patients, the combined attrition rate at two weeks and one year has dropped to 18.5%.23 who either had single grafts or in whom only one patent graft remained on early study. These 14 patients therefore had to be exempted from further evaluation.
Third angiographic study. Of the 46 patients who could be studied after three years, all were alive and only three refused the angiographic evaluation. The 43 remaining patients who were studied at three years had a total of 55 patent grafts after the second study. Only three of these 55 grafts had become occluded between one and three years after operation, an attrition rate of 5.4% in two years, or 2.7% per year ( fig. 1 ).
Angiographic Aspect of Patent Grafts
Grafts which remained patent on the second study often showed significant segmental or diffuse reduction in internal diameter. In most instances, this reduction was mild to moderate, and was not thought to be hemodynamically significant.
Changes in patent grafts at one year (tables 2-3). The angiographic features of 60 patent grafts at one year could be compared with those in grafts studied two weeks after operation. Seventeen of the 60 grafts showed little or no reduction in internal diameter ( fig. 2 ). Twenty-eight grafts showed slight (20-40%) reduction and 15 grafts displayed a moderate (40-60%) decrease in size ( fig. 3 ). In addition to the diffuse reduction in internal diameter, 15 of the 60 patent grafts showed segmental narrowing (table 3) . There were a total of 18 areas of segmental narrowing in these 15 grafts, 12 located in the proximal portion of the graft and six in the distal portion. The internal diameter of the graft in the former instance was further decreased by 25% in five grafts, by 50% in five grafts ( fig. 4 ), and by _75% in the remaining two grafts ( fig. 5 ). Localized narrowing of the distal portion of the graft further decreased the size of the graft by 25% in three instances and by 50% in the other three grafts.
Changes in patent grafts at three years. On the third angiographic study, there was no further reduction in size in vein grafts (figs. 2c, 3c). As stated above, three of the 55 grafts were occluded, two occlusions occurred in grafts which at one year Table 2 Reduction of Diameter of Vein Grafts Between Two Weeks and One Year After Operation
Discussion
The angiographic aspect of aortocoronary vein grafts has been well documented in previous reports. [15] [16] [17] [18] [19] [20] The incidence and severity of changes in these grafts have also been assessed in serial studies conducted on consecutive patients, early and late after operation." 4 6, 15 Histological study of grafts obtained following reoperation or at post mortem have confirmed the angiographic findings.9 12 These studies suggest that early occlusion of grafts is secondary to thrombosis, as intimal fibrous proliferation is usually not seen until the graft has been in place for one month."' 12 Early thrombosis of the graft is probably due to poor arterial run-off or to inadequate surgical technique. 6 7 The intimal and medial fibrous hyperplasia, which is believed responsible for the late changes noted in vein grafts, may be moderate or severe and may vary with the time of the study. In the early phase, this process may have an uneven or patchy distribution but tends ultimately to become circumferential and diffuse.12 In some cases it may progress and cause narrowing or occlusion of grafts. Although factors responsible for this fibrous proliferation are still the subject of debate, it is felt generally that the process represents a reactive or reparative response to ischemia and hemodynamic stresses." ' 13 Whether fibrous hyperplasia in grafts progresses or ceases after a certain period following operation is a matter of greater clinical importance. It is believed that the findings in the present study provide answers to this question. There was indeed no further thickening of vein grafts in the one to three year period after operation, as the angiogram showed no changes in their internal diameter, even in those grafts which had displayed significant Circulation, Volume XLVIII, September 1973 No. grafts (60) Minimal or no reduction ( 0-20%) 17 Slight reduction (2040%) 28 Moderate reduction (40-60%) year one and year three, and in two of these grafts, the residual lumen at one year had already decreased by more than 75%. Progression of fibrous hyperplasia may have occurred in the third case, although the histological evidence is not available in this instance.
It is not known, however, whether fibrous hyperplasia can be modified or prevented. A reduction in the internal diameter of vein grafts may be beneficial as it may promote greater velocity of flow.2' This is also a valid argument for using the internal mammary artery for the bypass anastomosis or for the use of the saphenous vein below the knee in aortocoronary vein grafts, procedures in which the graft to coronary artery diameter ratio is lower.21 22 From this study, it also appears that efforts should be concentrated on improving the results obtained in aorotocoronary vein grafts during the first year. Such efforts include modifications in technique,23 better selection of patients,6 and perhaps, administration of heparin in the early postoperative period, such as is utilized for the prevention of deep venous thrombosis. 24 
